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ABSTRACT
The chromospherically active single star HD 181943 was previously proposed as either a
pre-main-sequence star seen pole-on or a post-main-sequence subgiant that evolved from an Ap star similar
to 53 Cam. It also was found to be a variable star with a 385 day period. We have used new spectroscopic
and photometric observations to reevaluate the properties and evolutionary state of this unusual system. We
conclude that HD 181943 is a single Kl V star that has recently arrived on the ZAMS. Its emission line
fluxes are nearly identical to those of HD 82558=LQ Hya, while its log lithium abundance of 1.75 is
somewhat smaller than that of similar Pleiades stars. Its low v sin i of 5 km s_1 suggests that its rotational
inclination axis is likely ^12°. We estimate a distance of 46±6 pc or a parallax of 0.022". Space velocities
indicate that it belongs to no known moving group. Our photometric observations, covering nearly 2300
days, confirm that HD 181943 is variable. However, they do not support the 385 day period but instead
suggest a period of about 2000 days. When photometry from earlier epochs is included no single period fits
all the data. We interpret this as evidence for changes in high latitude or polar spots. Portions of our
photometric data analyzed for rotational modulation reveal no periodic short-term variations. Continued
observation of the comparison star, HD 181219=V4153 Sgr, indicates that it is a constant star and so its
variable-star classification should be revised. Variability previously ascribed to this star was the result of
moonlight contamination. © 1995 American Astronomical Society.

1. INTRODUCTION
HD
181943=SAO
162546
[a=19h22m57.0s,
£=-14°15'32"(2000)] first aroused attention when it was
listed by Bidelman & MacConnell (1973) as a late-type star
with Ca il H and K emission. They noted its visual magnitude from the Henry Draper Catalog and classified it as a G8
IV star. Bopp & Hearnshaw (1983) conducted a search for
Ha emission in 27 active stars. They found HD 181943 to
have a Ha feature that was filled with emission, indicating
strong activity. Balona (1987) concluded that it is a single
star with a mean velocity of —31.4 km s-1.
As a result of its identification as a chromospherically
active star, it was observed photometrically by several different groups. Fekel et al (1986b) obtained V=9.46 mag from
three observations with a range of 0.06 mag in V. From
several observing seasons of photometry Lloyd Evans &
Koen (1987) found that the V magnitude of HD 181943
ranged from 9.40 to 9.53 but could not determine a period.
Bopp et al. (1986) observed HD 181943 over an interval of
nine consecutive days. They detected no short-term variabil1
Visiting Astronomer, Kitt Peak National Observatory, National Optical Astronomy Observatories, operated by the Association of Universities for Research, Inc., under contract with the National Science Foundation.
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ity but noted that their mean V magnitude was 0.1 mag
fainter than that of Lloyd Evans & Koen (1987). Bopp et al.
(1986) suggested that such mean V magnitude differences
are consistent with changes in the spot distribution analogous
to the 11 yr sunspot cycle. From a database covering over 11
years, Hooten & Hall (1990) found a very long photometric
period of 385.3 days. They pointed out that such a period is
extremely unusual for a chromospherically active star. Despite those indications of variability, the star has not yet been
given a variable star name.
In a paper on HR 1362, Strassmeier et al. (1990b) noted
the similarities between it and HD 181943. Both were chromospherically active single stars with apparently similar
spectral types of about G8 IV and extremely long photometric periods of over 300 days. Such strong activity and long
periods are inconsistent with rotation-activity relations (e.g.,
Strassmeier et al. 1994). Strassmeier (1991) followed up the
work on HR 1362 with a more extensive analysis of the
properties of HD 181943. He obtained high-dispersion spectrograms of three different wavelength regions. The spectra
showed that HD 181943 has very strong Ca il H and K emission, a significant lithium line, Ha emission, and little rotational broadening. As a result, he argued that it is probably a
pre-main-sequence object seen close to pole-on. He con-
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Table 1. Velocity observations of HD 181943.

HJD 2400000

V
(km s"1)

47309.953
47313.938
48772.952"
48915.616
49463.952
49677.5716

-32.2
-32.2
-31.3
-32.7
-31.7
-32.6

Notes to TABLE 1
"Lithium region
6
Ha region
eluded that the 385 day period is most likely some kind of
spot-cycle period rather than a rotation period.
Stepien (1993) presented a novel and very different model
for the evolutionary history of HR 1362 and HD 181943. He
suggested that the main-sequence progenitor of HR 1362
was an Ap star similar to 53 Cam. He proposed that the
strong magnetic field at its surface did not come from a dynamo mechanism but rather was a remnant of a much stronger magnetic field when the star was on the main sequence.
Stepien (1993) argued that the known properties of HD
181943 were also consistent with such a scenario, making it
a second example of an evolved Ap star.
In the course of our extensive observations of various
chromospherically active stars we have observed HD 181943
at several wavelength regions and have continued our photometric observations of it. Because it is one of two chromospherically active stars suggested to be evolved Ap stars, we
use our new observations to reexamine conclusions about its
spectral type, duplicity, photometric period, and evolutionary
status.
2. OBSERVATIONS AND REDUCTIONS
2.1 Spectroscopy
Between 1988 and 1994 we obtained six high-dispersion
spectroscopic observations of HD 181943 with the Kitt Peak
National Observatory’s coudé feed telescope, coudé spectrograph, and a Texas Instruments CCD detector. All observations cover a wavelength range of about 80 A and have a
resolution of 0.21 Á. Four spectra were obtained of the 6430
Â region, and one each of the lithium and Ha regions. The
best spectra have signal-to-noise ratios of about 100.
Our radial velocities (Table 1) were determined relative to
HR 7560, ß Aql, or pu Her A with the IRAF task FXCOR
(Fitzpatrick 1993), which cross-correlates the program-star
spectrum with that of a standard of known radial velocity.
HR 7560 is an International Astronomical Union (LAU)
radial-velocity standard star (Pearce 1957). However, the
LAU radial-velocity system is currently undergoing revision
(Latham & Stefanik 1992). Scarfe et al (1990) determined a
velocity of 0.0 km s-1 for HR 7560, which we assume. From

Fig. 1. Light variations in V of HD 181943 measured differentially with
respect to the comparison star HD 181219 with the Vanderbilt/Tennessee
State University 0.4 m APT. Each point represents the mean of three nightly
differential measures. The total amplitude of the light variation shown here
is 0.1 mag with a time scale of approximately 2000 days.
33 spectrograms we determined the radial velocity of ß Aql
relative to HR 7560 to be -40.00±0.03 km s-1. The velocity of p Her A, —16.4 km s“1, is from Stockton & Fekel
(1992). Our average velocity of —32.1±0.2 kms-1 for HD
181943 is in excellent agreement with Balona’s (1987) value
of —31.4±0.4 km s“1.
2.2 Photometry
Over 400 photometric observations of HD 181943 were
obtained in the Johnson system with the Vanderbilt/
Tennessee State 0.4 m automatic photoelectric telescope
(APT) on Mount Hopkins (Henry & Hall 1994). Each observation consisted of a group of three differential measurements in B and V made in quick succession between HD
181943 and the comparison star, HD 181219. Each group
mean has been corrected for differential extinction and transformed to the UBV system. Additionally, HD 182678=HR
7379 [7=6.70, £- V=0.05, Al V (Corben 1971; Hoffleit &
Warren 1993)] was observed each night as a check on the
constancy of the comparison star. The nightly mean differential V observations from the APT are plotted in Fig. 1.
Patterson & Hall (1989) announced that our comparison
star was a suspected eclipsing binary with a period of about
55.1 days. As a result, HD 181219 was designated as V4153
Sgr in the 70th name list of variable stars (Kazarovets &
Samus 1990). From an extensive reexamination of all our
data, including that used by Patterson & Hall (1989), we now
conclude that HD 181219 is a constant star and that those
significant light variations ascribed to it resulted from previously unrecognized moonlight contamination.
3. FUNDAMENTAL PROPERTIES
3.1 Spectral Type
While Stepien (1993) questioned some of Strassmeier’s
(1991) derived properties and conclusions, he did not question the assumed spectral type. To help differentiate between
the two very different evolutionary states that have been pro-
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Fig. 2. A portion of the red-wavelength spectrum of HD 181943 in the 6430 A region obtained on 1994 April 21 is shown as pluses. Superposed as a
continuous curve is a spectrum of HR 511 (KO V). The vertical axis is relative intensity and the wavelengths of several lines have been identified.
posed for HD 181943, we have used our spectroscopic observations to make an independent determination of its spectral type. We note that in addition to the spectral type of G8
IV by Bidelman & MacConnell (1973) the spectrum also has
been classified as G8 V by Houk (Houk & Smith-Moore
1988).
To determine the spectral type, we have used the
spectrum-comparison technique of Strassmeier & Fekel
(1990). They identified several luminosity-sensitive and
temperature-sensitive line ratios in the 6430-6465 Â region
and used them, along with the general appearance of the
spectrum, as spectral-type criteria. In addition, for K dwarfs,
the strength of the wings of the saturated lines in this wavelength region is a very useful criterion. Since the comparison
is done by trial and error, previous classifications are an important starting point. The spectra of various reference stars
in the spectral class range G8-K3 (Strassmeier & Fekel
1990), supplemented with spectra of several additional stars,
were obtained. Each spectrum was rotationally broadened
and shifted in radial velocity in an attempt to best reproduce
the spectrum of HD 181943 in the 6430 Á region.
Strassmeier (1991) stated that the spectrum of HD 181943
in the lithium region “...is rather well matched by the G8 IV
‘standard’ ß Aql....” Thus, this star was the first one that we
compared with our spectrum of the 6430 Â region. The spec-

trum of ß Aql (G8 IV; Morgan & Keenan 1973) provides a
reasonable fit to the depths of most lines of HD 181943 as
well as the critical line ratio 6455 Â/6456 Â. However, it
does not fit well the critical line ratio 6449 Á/6450 Â and the
wings of its strong lines are not nearly strong enough.
The significant wings of HD 181943’s strong lines in the
6430 À region indicate that this star is a dwarf. The next two
stars to be compared with HD 181943 were f Boo A (G8 V;
Johnson & Morgan 1953) and HR 8832 (K3 V; Keenan &
McNeil 1989). The line wings of f Boo A are not strong
enough nor do the critical line ratios fit. For HR 8832 the line
wings are too strong and the critical line ratios, although
different, still do not fit. Thus, a spectral type between G8 V
and K3 V is indicated for HD 181943. The spectrum of HR
511 (K0V; Morgan et al. 1953), which Hearnshaw (1974)
found to be very metal rich with [Fe/H]=0.36, provided the
best fit to the important line ratios and a reasonable fit to the
wings of the saturated lines (Fig. 2). A spectrum of HD
115404 (K2 V; Wilson 1962) resulted in a somewhat poorer
fit to the weak lines of HD 181943 and the 6455 Â/6456 Á
ratio although the wings provided a slightly better fit than
those of HR 511. In conclusion, we classify HD 181943 as
Kl V in reasonable agreement with Houk’s G8 V classification from an objective prism plate.
For HD 181943, Fekel et al (1986b) determined mean
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colors of £-V=0.81, V-R=0J3, and Æ-7=0.45. Its
B — V color is identical to that of HR 511 (Hoffleit & Warren
1993) while the other two colors are significantly redder by
0.08 and 0.06 mag, respectively. Fekel et al. (1986b) found
that the V—R and V—I values of their chromospherically
active stars were too large by 0.06-0.10 mag if the B-V
color of the stars was assumed to be normal. They concluded
that such color excesses are a general property of chromospherically active systems and that the B — V color is probably the best indicator of a spectral type.
3.2 Projected Rotational Velocity
We have measured the projected rotational velocity of HD
181943 for two reasons. First, we wished to confirm Strassmeier’s (1991) low value of v sin ¿=4.2 km s-1. Second, we
wanted to search for linewidth variations due to a possible
unresolved secondary, if the star were actually a binary
whose components had similar luminosities. We determined
the projected rotational velocity of HD 181943 with the procedure used by Fekel et àl (1986b). Strong saturated lines
such as the Fe I line at 6393 Â and the Ca I line at 6439 À
(Fig. 2) were not used. Instead, in each wavelength region
the full width at half-maximum of several unsaturated lines
was measured and averaged. Instrumental broadening was
taken into account and then the remaining linewidth was
converted into a velocity and multiplied by an empirical constant of 0.591. To obtain the final v sin i value, a macroturbulence of 2 km s"1 (Marcy & Basri 1989) that is appropriate for early K dwarfs was assumed.
Lines in the four spectra with the highest signal-to-noise
ratios, two of the 6430 Â region and one each of the Ha and
lithium regions, were measured. The v sin i values ranged
from 5.0 to 5.6 km s-1. Thus, they show no significant
line-width variations and give an average i; sin/=5.3
km s”1. While such a velocity is near the resolution limit of
our observations, about 3 km s_1, the lines are clearly broadened. Our value is slightly larger than Strasssmeier’s (1991),
probably because he assumed a larger macroturbulence more
appropriate for a G subgiant.
3.3 Distance and Space Velocity
To determine the distance to HD 181943, we assume
V-9A (Lloyd Evans & Koen 1987) and an absolute magnitude of 6.1 (Corbally & Garrison 1984). This results in a
distance of 46 ±6 pc or a parallax of 0.022". Such a parallax
could be measured with ground-based techniques and should
be easily in the grasp of HIPPARCOS.
With that distance, our radial velocity, and proper motions
from the PPM catalog (Bastian & Röser 1993), we obtain
space velocities (in a right-handed coordinate system) of
—33, —10, and —4 km s“1 for U, V, and W, respectively.
Those velocities do not correspond with any of the moving
groups listed by Soderblom & Mayor (1993).
4. ACTIVITY INDICATORS
A qualitative comparison of the activity indicators of HR
1362 and HD 181943 with other chromospherically active

2824
Table 2. Emission line fluxes of HD 82558 and HD 181943.
Star
82558
181943

log F(K)
log F(H)
log F(Hc)
(erg cm“2s_1) (erg cm-2s-1) (erg cm-2s-1)
6.74
6.66

6.58
6.56

6.37
6.42

stars supports the conclusion that the two stars are in two
very different evolutionary states. A spectrum of the Ca II H
and K lines of HR 1362 (Strassmeier et al 1990a) shows its
moderate emission features while their Table 6A indicates
that its Ha feature contains no emission. Those results are
typical of the single moderately rapidly rotating chromospherically active part-main-sequence stars discussed by
Fekel & Balachandran (1993).
Strassmeier’s (1991) spectrum of HD 181943 demonstrates that the emission reversals of its Ca II H and K lines
rise more than a factor of 2 above the continuum. It also has
Ht in emission; another sign of strong activity. Bopp &
Hearnshaw (1983) noted the very significant Ha emission
implied by the filled-in Ha line. Our Ha spectrum is quite
similar to that of Strassmeier’s (1991) and shows emission
completely filling in the core of Ha and rising slightly above
the continuum. The extensive emission of all those features
is a clear indication of the very strong chromospheric activity
in HD 181943, especially for an early K dwarf. Indeed, the
Ca II H and K, He and Ha emission in this system are strikingly similar to that of HD 82558=LQ Hya (e.g., Fekel et al.
1986a, b; Strassmeier et al 1990a). Fekel et al (1986a, b)
identified HD 82558 as a very young rapidly rotating single
K2 V star with a v sin /=25 km s-1 and a rotation period of
1.66 days.
Ca II H and K as well as He emission surface fluxes have
been computed for HD 181943 (Strassmeier et al 1994) and
HD 82558 (Strassmeier et al. 1990a). For a direct comparison we recompute the values using the same general method
outlined by Linsky et al. (1979) but assuming V—R colors
of 0.74 and 0.69 (Johnson 1966) for HD 82558 and HD
181943, respectively. The fluxes have not been corrected for
a photospheric contribution, which is insignificant for these
stars. For each of the three lines (Table 2) the fluxes in the
two stars are nearly identical, confirming our qualitative impressions.
5. LITHIUM ABUNDANCE AND AGE
Strassmeier (1991) determined a lithium equivalent width
of 92 ±5 mA and found a log lithium abundance of 2.0. From
our spectrum we obtain an equivalent width of 83 mA in
reasonable agreement with Strassmeier’s value. Despite our
revision of the spectral and luminosity class of HD 181943,
our assumed effective temperature of 5050 K (Hayes 1978)
is nearly identical to Strassmeier’s value. From Table 2 of
Soderblom et al. (1993) we obtain log 6(Li)=1.74 ±0.3. A
change of 100 K in the temperature changes the abundance
by 0.1. For Pleiades stars (age=70 Myr) with effective temperatures of about 5100 K, Soderblom et al. (1993) find a
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Table 3. Mean AV magnitudes.

range of log lithium abundances of 2.0-3.1 although the vast
majority are between 2.0 and 2.6. For a much hotter temperature of 5500 K, lithium abundances of Hyades stars (about
ten times older than Pleiades’ stars) are in steep decline at a
value of 1.5. With chromospheric activity closely matching
that of HD 82558 and a lithium abundance only somewhat
smaller than that of many Pleiades stars of nearly identical
temperature, HD 181943 likely has an age similar to but
slightly greater than that cluster, indicating that it has just
reached the zero-age main sequence (ZAMS) like other
K-dwarf field stars of Ambruster et al (1994).
The low projected rotational velocity of HD 181943 but
chromospheric activity and an age similar to that of HD
82558 provide strong support for Strassmeier’s (1991) contention that the system is seen nearly pole-on. Scaling by the
observed rotational velocity of HD 82558 results in a rotational inclination ^12°. From a probability standpoint (Russell et al 1955) stars seen with such low inclinations are
relatively rare.

Mean HJD
2400000
43382.4
43786.8
44125.0
44453.0
44800.0
44842.0
45166.5
46223.0
46640.0
47308.6
47445.7
47653.4
47813.4
48028.8
48183.4
48396.6
48767.4
48897.5
49132.0
49260.1
49489.2

6. PHOTOMETRIC VARIABILITY
The above comparisons leave little doubt that HD 181943
is a young K dwarf, newly arrived on the ZAMS and not an
evolved Ap star. Besides the projected rotational velocity, the
other property of HD 181943 that does not appear to “fit” a
ZAMS evolutionary state is its rather long photometric period of 385 days (Hooten & Hall 1990). We first looked for
that period in our entire APT À V mag dataset, which covers
almost 2300 days, but were unable to confirm it. Instead that
extensive and more homogeneous dataset suggests a “best”
period of about 2000 days, but with a moderately strong alias
of that period near 385 days. To confirm this new period, we
added the older published observations to our data base.
First, we divided the APT data of Hooten & Hall (1990) and
the more recent APT data included in this paper into 12 sets
and computed a mean Julian Date and mean AV mag for
each set (Table 3). We then grouped the data of Fekel et al
(1986), Bopp et al (1986), Lloyd Evans & Koen (1987), and
Pazzi (Hooten & Hall 1990) into nine datasets (Table 3). A
mean Julian Date and mean V mag were computed for each
of those sets. To convert each mean V mag to a AV, we
subtracted
7.555, the magnitude of our comparison star.
That value assumed V=6.70 (Corben 1971) for the check
star, to which was added the mean A F of our comparison
minus check star results. The mean AV magnitudes versus
time are shown in Fig. 3. The V amplitude of at least 0.1 to
0.15 mag is quite consistent with that of HD 82558 (Jetsu
1993; Strassmeier et al 1993) and other very active dwarfs.
Inspection of Fig. 3 makes it clear that no single period will
fit the data although variations on time scales of years are
present.
Such a result is perhaps not surprising assuming that HD
181943 is seen close to pole-on. Strassmeier et al (1993)
obtained new photometric and high-dispersion spectroscopic
observations of HD 82558. From the analysis of those data
they reported that Doppler images of the strong lines re-

mean AV
mag

Number

1.90
1.89
1.86
1.90
1.94
1.93
1.95
2.04
1.94
1.91
1.95
1.98
1.97
1.94
1.93
1.88
1.90
1.89
1.88
1.90
1.94

1
2
12
3
19
11
1
13
2
48
31
83
29
27
4
27
33
21
59
12
40

Reference

Notes to TABLE 3
(1) Lloyd Evans & Koen (1987)
(2) Fekel et al (1986)
(3) Bopp et al. (1986)
(4) Hooten & Hall (1990)
(5) This paper
quired a large cool feature at the rotation pole while maps of
weaker features were much less dominated by such a feature.
Such polar spots dominate the Doppler images of most other
active stars analyzed to date (see Strassmeier et al. 1993).
Thus, it is likely that the long-term quasisinusoidal light
variations seen on HD 181943 are the result of changes in
the number and distribution of spots at high latitudes or perhaps a polar spot.
In some of our 12 APT datasets (Fig. 1) the light level
1.80
1.85
1.90
>
<
Ej
W
Q

L95
2.00
2.05
3000

4000

5000 6000 7000 8000 9000
JULIAN DATE (2,440,000 + ...)
Fig. 3. Long-term variations in the mean V brightness of HD 181943 plotted
from the data in Table 3. The light variation has a total amplitude of over
0.15 mag but does not appear to be periodic.
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appears to change with time within a single set. In other APT
datasets the light level appears constant but the standard deviation of the mean is greater, from 1%-1.5%, than that of a
constant star, typically ^0.5%. Hall (1991) found that the
Rossby number, the ratio of rotation period to convective
turnover time, must be less than 0.67 for spot activity to be
expected. From Gilliland (1985) the convective turnover
time for HD 181943 (B-y=0.81) is 35 days resulting in a
maximum rotation period of 23 days for the generation of
significant (^0.01 mag) starspot activity. However, its probable rotation period can be much more tightly constrained
than this. The large and nearly identical emission line fluxes
of HD 181943 and HD 82558 indicate that the rotation period of HD 181943 is very short, most likely just a few days.
An upper limit can be estimated from the properties of V711
Tau. Extensive rotational modulation is seen on V711 Tau,
whose rotational inclination is about 32° (e.g., Henry & Hall
1991). Taking such an inclination as an extremely conservative upper limit results in a rotation period of 4.8 days for
v sin i=5 km s-1 and an assumed radius of 0.85 Rq . A 20°
inclination results in 2.9 days and the inclination of 12° suggested earlier gives a 1.7 day period. Thus, the 12 datasets
were analyzed individually for periods between 1 and 10
days but no single consistent rotation period was found.
With light variations detected on long time scales and
likely on short time scales, it is ironic that HD 181943 was
not given a variable star name while its constant comparison
star was. Photometry of higher precision (e.g., Henry 1995)
will be necessary to determine the rotation period of HD
181943.

7. CONCLUSIONS
HD 181943 is a single Kl V star that has recently arrived
on the ZAMS and is at a distance of about 46 pc. Although
its projected rotational velocity is five times smaller than that
of HD 82558=LQ Hya, the emission line fluxes of HD
181943 are strikingly similar to those of HD 82558. We concur with the suggestion of Strassmeier (1991) that HD
181943 is seen nearly pole-on, and suggest that /^12°. Examination of our extensive photometry combined with additional older observations indicates that HD 181943 varies on
time scales up to 2000 days. Such long-term light variations
are consistent with high latitude or polar spot evolution and
certainly not rotational modulation. While the scatter of the
photometric observations in some individual datasets suggests that rotational modulation is present, we were unable to
detect a single consistent period for it. The ZAMS evolutionary state of HD 181943 makes the evolved Ap star scenario
of Stepieñ (1993) untenable for it but his scenario is still a
possible explanation for HR 1362.
We thank the referee for his comments and Klaus Strassmeier for supplying us with his measured fluxes of HD
181943 and commenting on a draft of this paper. The photometric data in this paper could not have been collected without the help of Lou Boyd who has conscientiously maintained the 0.4 m Vanderbilt/Tennessee State robotic telescope
throughout its lifetime. This research has been supported by
NSF Grant No. HRD-9104484 and NASA Grant No. NAG81014 to Tennessee State University.
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